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K\SRWKHWLFDOQDYDOIULJDWH WKH1H[W*HQHUDWLRQ&RPEDW6KLS1*&6ZKLFKLVGHVFULEHGDVDK\EULGEHWZHHQWKH
1DY\¶V/LWWRUDO&RPEDW6KLS/&6DQGWKH&RDVW*XDUG¶V2IIVKRUH3DWURO&XWWHU23&7KHPHWKRG¶VSURFHVVHVDUH
EULHIO\GHVFULEHGDQGGHPRQVWUDWHGZLWKHDFKSURFHVVVKRZLQJWKHUHSUHVHQWDWLRQDOUHVXOWVIURPLWVDSSOLFDWLRQWR
WKH1*&6V\VWHP$GLVFXVVLRQRIWKHDIIRUGDEOHGHVLJQFKRLFHIROORZVDVZHOODVDGLVFXVVLRQRIWKHYDOXHRIWKH
PHWKRGIRUDQ\V\VWHP¶VHDUO\OLIHF\FOHVWDJHVRIFRQFHSWXDOSODQQLQJDQGGHVLJQ,WVKRXOGEHQRWHGWKDWWKHPHWKRG
LV GHVLJQHG WREH DSSOLFDEOH WR FRPSOH[ V\VWHPVDFURVV HQJLQHHULQJGRPDLQV7KHSDSHU¶V JRDO LV WR LOOXVWUDWH WKH
YDULRXVSURFHVVHVDQGFRQVWUXFWVLQYROYHGLQWKHSURSRVHGPHWKRGQRWQHFHVVDULO\WRJDLQLQVLJKWLQWRWKHGHVLJQRID
QDYDOIULJDWH)RUPRUHGHWDLOVRQWKHFDVHDSSOLFDWLRQEH\RQGWKHVFRSHRIWKLVSDSHUSOHDVHVHH6FKDIIQHU
1.1. Motivation 
,QSDVW\HDUVWKHSHUIRUPDQFHRIDSRWHQWLDOV\VWHPZDVRIFKLHIFRQFHUQEXWWKHDPRXQWRIUHVRXUFHVFRPPLWWHG
WR D SURJUDP LV LQFUHDVLQJO\ EHFRPLQJ WKH SULPDU\ GULYHU RI GHFLVLRQV UHJDUGLQJ IXWXUH DFTXLVLWLRQV %HFDXVH RI
UHODWLYHO\ IODW SURMHFWHG GHIHQVH EXGJHWV LQ IXWXUH \HDUV WKH 'R' LV VHHNLQJ PHWKRGV RI GHOLYHULQJ GHIHQVH
FDSDELOLWLHVIRUOHVVUHVRXUFHH[SHQGLWXUHWKDQWUDGLWLRQDOO\UHTXLUHG2QHVXFKPHWKRGIRUUHGXFWLRQLQ'R'H[SHQVHV
ZDVUHYHDOHGLQWKH&DUWHU0HPRUDQGXPVRIZKLFKPDQGDWHGWKDWDIIRUGDELOLW\EHLQVWLWXWHGDVDUHTXLUHPHQW
IRU IXWXUH DFTXLVLWLRQV :LWK UHJDUG WR KHOSLQJ GHILQH DIIRUGDEOH GHFLVLRQV 7XWWOH DQG %RELQLV GHVFULEH WKH
$IIRUGDELOLW\7ULDQJOHVKRZQLQ)LJZLWKUHTXLUHGFDSDELOLWLHVLHGHWHUPLQHGE\VWDNHKROGHUQHHGVIRUPLQJWKH
EDVHRIWKHWULDQJOHDQGWKHDIIRUGDELOLW\GHFLVLRQFULWHULDFRPSULVLQJFRVWVFKHGXOHDQGSHUIRUPDQFH,WLVFOHDUWKDW
H[DPLQLQJ HDFK RI WKHVH ODWWHU PXOWLFULWHULD FRQVLGHUDWLRQV LQ PXOWL\HDU ELOOLRQGROODU ZHDSRQV V\VWHPV DQG
SURJUDPVDGGVVHYHUDO OD\HUVRIFRPSOH[LW\ WRDVWDQGDUGWUDGHVWXG\,QDGGLWLRQ7XWWOHDQG%RELQLVQRWH WKDWDQ
DIIRUGDELOLW\WUDGHVWXG\PXVW³H[WHQGWKHWLPHKRUL]RQ´RIWKHWUDGLWLRQDODQDO\VHV,QRUGHUWRH[WHQGWKHWLPHKRUL]RQ
RIDQDO\VLVDQ\VWXG\PXVWDGGUHVVWKHFRQWH[WXDODQGFDSDELOLW\GHYHORSPHQWVRYHUWLPHDORQJZLWKWKHLUSRWHQWLDO
LPSDFWVWRWKHSHUIRUPDQFHFRVWDQGVFKHGXOHRIWKHV\VWHPZKHWKHUWKHLPSDFWVDUHREMHFWLYHRUVXEMHFWLYH7KH
GXDOPRWLYDWLRQVIRUWKLVSDSHUWKHQDUHWKHDQDO\VLVRIXQFHUWDLQW\RYHUDV\VWHPOLIHF\FOHFRPELQHGZLWKWKHDQDO\VLV
RIWKHPXOWLFULWHULDFRQVLGHUDWLRQVRIFRVWVFKHGXOHDQGSHUIRUPDQFHPHHWLQJUHTXLUHGFDSDELOLWLHV7KHXOWLPDWHJRDO
LV WRGHVLJQDIIRUGDEOHV\VWHPV WKDWPHHW WKHQHHGVRIZDUILJKWHUV±and remain affordable± UHJDUGOHVVRI IXWXUH
FLUFXPVWDQFHV 7R DFKLHYH VXFK D JRDO HIIRUWV WRZDUG DIIRUGDELOLW\ PXVW EHJLQ LQ WKH HDUOLHVW SKDVHV RI V\VWHP
SODQQLQJ ZKHQ UHVRXUFH FRPPLWPHQWV DQG VROXWLRQFRQVWUDLQLQJ GHFLVLRQV DUH QRW \HW SUHVHQW 3HUIRUPLQJ VXFK
DQDO\VLV DW WKLV VWDJH DOORZV GHVLJQ HQJLQHHUV WR ³VHH HYDOXDWH DFFHSW DQG UHMHFW D ODUJH QXPEHU RI FRXUVHV RI
DFWLRQ«ZLWKRXWDFWXDOO\FRPPLWWLQJUHVRXUFHV´SRWHQWLDOO\HOHYDWLQJV\VWHPVSHFLILFNQRZOHGJHWREHWWHULQIRUP
WKH KLJKLPSDFW GHFLVLRQVPDGH DW WKH HDUOLHVW VWDJHV RI WKH V\VWHP OLIHF\FOH )RU WKH SXUSRVHV RI WKLV SDSHU WKH
DIIRUGDELOLW\RIDV\VWHPLVGHILQHGDVWKHSURSHUW\RIEHFRPLQJRUUHPDLQLQJIHDVLEOHUHODWLYHWRUHVRXUFHQHHGVDQG
UHVRXUFHFRQVWUDLQWVRYHUWLPH

 
)LJ7KH$IIRUGDELOLW\7ULDQJOHIURP7XWWOHDQG%RELQLV
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'HYHORSPHQWRID&RPSRVLWH0HWKRGIRU$IIRUGDELOLW\
7KHDQDO\VLVRI V\VWHPDIIRUGDELOLW\FRYHUVPDQ\DVSHFWV LQFOXGLQJ WKHV\VWHPGHYHORSPHQW VFKHGXOHYDULRXV
W\SHVRI H[SHQVHV DQG WKH OHYHO RI WKRVH H[SHQVHV LQG\QDPLFRSHUDWLQJ HQYLURQPHQWVRYHU WKH V\VWHP OLIHF\FOH
,GHDOO\ WKHVHH[SHQVHVPXVWEHEDODQFHGZLWKWKHYDOXHGHOLYHU\RIWKHV\VWHPVLQFHDV\VWHPSURYLGLQJPLQLPDO
SHUIRUPDQFHPLJKWEHDIIRUGDEOHEXWQRWYHU\GHVLUDEOH7KLVSDSHUEXLOGVXSRQDQHVWDEOLVKHGPHWKRG IRU HDUO\
OLIHF\FOHFRQFHSWXDOV\VWHPGHVLJQWREDODQFHDOORIWKHVHIDFWRUVDQGLQWURGXFHVVHYHUDOPHWULFVWRFRYHUWKHUHVRXUFH
FHQWULF FRQFHUQV RI VWDNHKROGHUV 7KH ILUVW PHDVXUH LQWURGXFHG LV WKH 0XOWL$WWULEXWH ([SHQVH 0$( IXQFWLRQ
LQWHQGHGWRDJJUHJDWHVWDNHKROGHUSUHIHUHQFHVRQLQGLYLGXDOUHVRXUFHFRQVXPSWLRQ7KHVHFRQGPHDVXUHLQWURGXFHGLV
WKH0D[([SHQVHPHWULFZKLFKJLYHVWKHPD[LPXPUHVRXUFHH[SHQGLWXUHIRUDQ\UHVRXUFHDFURVVWKHYDULRXVIXWXUHV
FRQVLGHUHG 7KH WKLUGPHDVXUH LV WKH ([SHQVH 6WDELOLW\PHWULFZKLFK UHIOHFWV WKH VWDELOLW\ RI LQGLYLGXDO UHVRXUFH
FRQVXPSWLRQRYHUWLPH(DFKRIWKHVHPHWULFVKHOSVUHYHDOWKHLQGLYLGXDODVSHFWVRIDV\VWHP¶VDIIRUGDELOLW\LQIRUPLQJ
DQDO\VWVDQGGHFLVLRQPDNHUVRIWKHUHODWLYHIHDVLELOLW\RIHDFKSRWHQWLDOGHVLJQXQGHUFRQVLGHUDWLRQZKHWKHUUHODWLYH
WRRQHDQRWKHURUWRHVWDEOLVKHGSURMHFWHGIXWXUHEXGJHWV
7KH5HVSRQVLYH6\VWHPV&RPSDULVRQ 56&PHWKRGZDV GHYHORSHG WR DLG LQ WKH GHVLJQ RI FRPSOH[ V\VWHPV
DOORZLQJHIIHFWLYHDQWLFLSDWLRQRIIXWXUHFRQWH[WVDQGQHHGVUHOHYDQWWRV\VWHPGHVLJQFKRLFHVHDUO\LQWKHOLIHF\FOH
WKURXJKWKH(SRFK(UD$QDO\VLV(($DSSURDFKZKHUHDQepochLVDWLPHSHULRGRIIL[HGFRQWH[WDQGQHHGVDQGDQ
eraLVDQRUGHUHGVHTXHQFHRIILQLWHGXUDWLRQHSRFKV56&KDVEHHQDSSOLHGWRVHYHUDOFDVHDSSOLFDWLRQVUDQJLQJIURP
VDWHOOLWHV\VWHPVWRDQXSFRPLQJ&RDVW*XDUGVKLS7KHPHWKRGDSSOLHGLQWKHSUHVHQWVWXG\LVDSURFHVVYDULDQW
RI56&DQGLVGHVFULEHGLQWKHQH[WVHFWLRQ
2.1. 2.1 Overview of the Composite Method for Affordability 
7KHRYHUDOOVWUXFWXUHRIWKHFRPSRVLWH56&EDVHGPHWKRGFRQVLVWVRIQLQHSURFHVVHVZKLFKDUHJURXSHGLQWRWKUHH
GLVWLQFW SDUWV LQIRUPDWLRQJDWKHULQJ 3URFHVVHV  WKURXJK DOWHUQDWLYHV HYDOXDWLRQ 3URFHVV  DQG DOWHUQDWLYHV
DQDO\VLV3URFHVVHVWKURXJK$JUDSKLFDOUHSUHVHQWDWLRQRIWKHPHWKRGLVVKRZQEHORZLQ)LJ
7KH LQIRUPDWLRQJDWKHULQJSDUW3URFHVVHV WKURXJKFRQVLVWVRIGHILQLQJ WKHFRQWH[WDQGSUREOHPVWDWHPHQW
VWDNHKROGHUVDQGUHVSHFWLYHQHHGVDQGFRQWH[WXDOYDULDEOHV7KHDOWHUQDWLYHVDQDO\VLVSDUW3URFHVVHV WKURXJK
FRPSDUHVWKHG\QDPLFSURSHUWLHVRISRWHQWLDOGHVLJQVDFURVVWKHSRWHQWLDOIXWXUHVWKDWWKHV\VWHPPD\HQFRXQWHU7KHVH
WZRSDUWVRIWKHPHWKRGDUHEULGJHGE\3URFHVV'HVLJQ(SRFK7UDGHVSDFHV(YDOXDWLRQZKLFKSURYLGHVHYDOXDWLRQ
GDWDRISRWHQWLDOGHVLJQVJLYLQJHDUO\IHHGEDFNDQGWKHUHE\FUHDWLQJDQRSSRUWXQLW\WRUHYLVLWWKHLQIRUPDWLRQJDWKHULQJ
SURFHVVHV7KHVHSURFHVVHVDQGWKHLUUHSUHVHQWDWLRQDORXWFRPHVIRUWKH1*&6VWXG\DUHGHVFULEHGLQ6HFWLRQ

)LJ$JUDSKLFDORYHUYLHZRIWKH*DWKHU(YDOXDWH$QDO\]HVWUXFWXUHRIWKHPHWKRG
 Michael A. Schaffner et al. /  Procedia Computer Science  28 ( 2014 )  304 – 313 307
'HPRQVWUDWLRQ&DVH1*&6
7KLVSDSHUGHPRQVWUDWHV WKHPHWKRGDVDSSOLHG UHSUHVHQWDWLRQDOO\ WRD1H[W*HQHUDWLRQ&RPEDW6KLS 1*&6
ZKLFKLVGHVFULEHGDVDODUJHUYHUVLRQRIWKH1DY\¶VFXUUHQW/LWWRUDO&RPEDW6KLS/&6WKDWZRXOGVXSSRUWDLUDQG
VHDRSHUDWLRQVRYHUGLYHUVHDUHDVRILQWHUHVWIRUWKHQH[W\HDUV6FKRILHOG¶VDSSOLFDWLRQRIWKHRULJLQDO56&PHWKRG
ZDVWRDVPDOOHUQDYDODSSOLFDWLRQWKH&RDVW*XDUG¶V2IIVKRUH3DWURO&XWWHU23&7KHFXUUHQWFDVHFRPELQHVWKH
GHVLJQYDULDEOHVDWWULEXWHVDQGHSRFKV IURP6FKRILHOG¶V23&VWXG\ZLWK WKHHYDOXDWHGRXWSXWVRI WKH0,70DWK
0RGHO D VWDQGDUGQDYDOPRGHOLQJ WRRO UHJXODUO\ XVHG IRU WKH HYDOXDWLRQRI SRWHQWLDO GHVLJQV IRU1DYDO IULJDWHV
VOLJKWO\ODUJHUWKDQWKH/&6
7KHSURSRVHG1*&6UHTXLUHPHQWVWKHUHIRUHUHIOHFWVVRPHVLPLODULW\ZLWKERWKWKH23&DQG/&6)RUH[DPSOH
WKH23&LVGHVLJQHGWRRSHUDWHLQDYDULHW\RIPLVVLRQDUHDVLQFOXGLQJSRUWVQHDUVKRUHDQGRSHQVHDZLWKDUDQJH
LQH[FHVVRIQDXWLFDOPLOHVDQGHQGXUDQFHPLQLPXPRIGD\V7KH/&6LVGHVLJQHGWRKDYHDUDQJHLQH[FHVV
RIQDXWLFDOPLOHVDQGDQHQGXUDQFHRIGD\V7KH1*&6WKDWLVWKHIRFXVRIWKLVVWXG\PHDQZKLOHLVUHTXLUHG
WRRSHUDWHLQPLVVLRQDUHDVDWOHDVWDVYDULHGDVWKH23&KDYHDPLQLPXPHQGXUDQFHRIGD\VDQGKDYHDUDQJHLQ
H[FHVVRIQDXWLFDOPLOHV7KHRSHUDWLQJFRQWH[WRIWKH1*&6LVDOVRODUJHO\XQFKDQJHGIURPWKDWRIWKH23&
ZLWKPDQ\RIWKH1*&6¶VFRQWH[WXDOYDULDEOHVERUURZHGIURPWKH23&VWXG\
3.1. Process 1: Value-Driving Context Definition 
7KH ILUVW SURFHVV RI WKH PHWKRG LQYROYHV GHYHORSPHQW RI WKH EDVLF SUREOHP VWDWHPHQW 7KH VWDNHKROGHUV DUH
LGHQWLILHG UHOHYDQW H[RJHQRXVXQFHUWDLQWLHV DUHHOLFLWHG DQGDQ LQLWLDOYDOXHSURSRVLWLRQ LV IRUPHG7KH UHVRXUFHV
DYDLODEOHWRHDFKVWDNHKROGHUDUHH[DPLQHGDORQJZLWKWKHDVVRFLDWHGXQFHUWDLQWLHV 
Representational Outcome)RUWKH2IIVKRUH3DWURO&XWWHU6FKRILHOGGHILQHV9DOXH3URSRVLWLRQVIRUHDFKRIWKUHH
6WDNHKROGHUV%HFDXVHHDFKRIWKHVHYDOXHSURSRVLWLRQVUHYHDOWKHGLIIHUHQWSULRULWLHVRIWKHLUUHVSHFWLYHRUJDQL]DWLRQV
WKHSUHVHQWFDVHRIWKH1*&6FRPELQHVWKHPLQWRRQHUHSUHVHQWDWLYHVWDNHKROGHUIRUDQDO\VLV7KLVVWDNHKROGHUGHVLUHV
WRSURYLGHDQHZIOHHWRI861IULJDWHVIRUXVHLQDLUDQGVHDRSHUDWLRQVDFURVVDYDULHW\RIRSHUDWLQJDUHDVDQGFRQWUROV
WKHDFTXLVLWLRQDQGRSHUDWLQJEXGJHWVODERUH[SHQVHVDQGGHYHORSPHQWVFKHGXOH
3.2. Process 2: Value-Driven Design Formulation 
7KHVHFRQGSURFHVVEHJLQVE\GHILQLQJWKHQHHGVVWDWHPHQWVIRUDOOVWDNHKROGHUVZKLFKEHFRPHWKHDWWULEXWHVRI
V\VWHPSHUIRUPDQFH DORQJZLWK XWLOLW\ IXQFWLRQV GHVFULELQJ HDFK VWDNHKROGHU¶V SUHIHUHQFH IRU HDFK DWWULEXWH7KH
VWDNHKROGHUUHVRXUFHVVWDWHPHQWVDUHDOVRHOLFLWHG ZLWKFRUUHVSRQGLQJH[SHQVHIXQFWLRQVZKLFK WKHQEHFRPH WKH
DWWULEXWHV RI WKH V\VWHP¶V H[SHQVH IXQFWLRQ 0XOWLDWWULEXWH DJJUHJDWLRQ IXQFWLRQV DUH FKRVHQ IRU ERWK XWLOLW\ DQG
H[SHQVH 3RWHQWLDO V\VWHP VROXWLRQ FRQFHSWV DUH SURSRVHG IURP SDVW FRQFHSWV RU H[SHUW RSLQLRQV DQG DUH WKHQ
GHFRPSRVHGLQWRGHVLJQYDULDEOHVRIWKHV\VWHP
Representational Outcome7KHDWWULEXWHVRIWKHV\VWHPERWKXWLOLW\DQGH[SHQVHDUHVKRZQLQ)LJZLWKXQLWV
GHVLUHG DFFHSWDQFH UDQJH DQG ZHLJKW UHIOHFWLQJ FRQWULEXWLRQ ZLWKLQ DJJUHJDWH XWLOLW\ DQG H[SHQVH IXQFWLRQV
3UHIHUHQFHVRQHDFKDWWULEXWHOHYHOVZHUHFDSWXUHGLQVLQJOHDWWULEXWHXWLOLW\DQGVLQJOHDWWULEXWHH[SHQVHFXUYHVQRW
VKRZQEXWDYDLODEOHLQ6FKDIIQHU$OLQHDUZHLJKWHGVXPDJJUHJDWLRQIXQFWLRQZDVFKRVHQIRUHDFKPXOWL
DWWULEXWHXWLOLW\0$8DQGPXOWLDWWULEXWHH[SHQVH0$(
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
)LJ'HFRPSRVLWLRQRIPLVVLRQVWDWHPHQWLQWRUHSUHVHQWDWLRQDODWWULEXWHVRIWKH1*&6V\VWHP
3.3. Process 3: Epoch Characterization 
,QWKLVSURFHVVWKHNH\FRQWH[WXDOXQFHUWDLQWLHVDUHSDUDPHWHUL]HGDVHSRFKYDULDEOHVDQGVSHFLILFSRVVLEOHIXWXUH
FRQWH[WVDUHLGHQWLILHG8QFHUWDLQWLHVLQVWDNHKROGHUQHHGVDUHHOLFLWHG8QFHUWDLQWLHVLQUHVRXUFHVXSSO\DQGDYDLODELOLW\
DUHDOVRLGHQWLILHGDORQJZLWKFKDQJHVWRVWDNHKROGHUSUHIHUHQFHVRQUHVRXUFHXVDJH
Representational Outcome)LYHHSRFKYDULDEOHV(9V±VKRZQLQ)LJD±ZHUHFKRVHQIURPIRXUGLIIHUHQW
FDWHJRULHV RI XQFHUWDLQW\ 7HFKQRORJ\ OHYHOV 3ROLF\ 'HYHORSPHQWV LQWHJUDWLRQ ZLWK 6R6 DQG0LVVLRQ UHTXLUHG
FDSDELOLWLHV7KHHSRFKYDULDEOH98$9UHSUHVHQWVWKHVL]HRIXQPDQQHGDHULDOYHKLFOHVLQRSHUDWLRQHLWKHUVPDOORU
ODUJHDVVKRZQDQGWKHYDULDEOH6PDOO%RDW6L]HUHSUHVHQWVWKHVL]HRIGHSOR\DEOHERDWVVWRUHGRQERDUGWKH1*&6
,QWKH(SRFK'HVFULSWRU,PSDFW0DWUL[RI)LJFWKHIRXUSRVVLEOHHVWLPDWHGOHYHOVRILPSDFWDUHDQG7KH
LQFUHDVLQJGLIIHUHQFHEHWZHHQHDFKOHYHOKHOSVSUDFWLWLRQHUVEHWWHUGLIIHUHQWLDWHWKHORZPHGLXPDQGKLJKLPSDFWDQ
HSRFKYDULDEOHZLOOKDYHZKLFKLVLQWHQGHGWROHDGWRPRUHDFFXUDWHHVWLPDWLRQ7KHVL[UHSUHVHQWDWLYHHSRFKVDUH
VKRZQLQ)LJEZKLFKGLVSOD\VHDFKHSRFKYDULDEOH¶VOHYHOVLQWKHUHVSHFWLYHHSRFKV

D        F


E

)LJD7KHFRQWH[WXDOXQFHUWDLQWLHVRIWKH1*&6FDSWXUHGLQHSRFKYDULDEOHVE7KHVL[HSRFKVFUHDWHGIRUWKHFDVHVWXG\IURPDVVLJQPHQWV
WRWKHHSRFKYDULDEOHVF7KHLPSDFWVRIWKHHSRFKYDULDEOHVRQWKHDWWULEXWHVRIWKH1*&6
(SRFK1DPH
(9&DWHJRU\
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D       E

)LJDWKHVL[UHSUHVHQWDWLYHGHVLJQVLQWKH%DVHOLQHHSRFKEWKHYLVXDOWUDGHVSDFH0$8Y0$(
3.4. Process 4: Design-Epoch Tradespaces Evaluation 
7KLVSURFHVVFRPPRQO\XWLOL]HVPRGHOLQJDQGVLPXODWLRQWRPDSWKHGHVLJQDQGHSRFKYDULDEOHVWRV\VWHPXWLOLW\
DWWULEXWHVDQGH[SHQVHDWWULEXWHV6WDNHKROGHUV¶XWLOLW\DQGH[SHQVHIXQFWLRQVFDQWKHQEHXVHGWRJHQHUDWHWKH0$8
DQGWKH0$(YDOXHVIRUHDFKGHVLJQZLWKLQHDFKHSRFK
Representational Outcome7KHHYDOXDWHGGHVLJQVLQWKH%DVHOLQHHSRFKDUHVKRZQEHORZLQ)LJ7KLVHYDOXDWLRQ
SURFHVVZDVSHUIRUPHGIRUWKHVL[GHVLJQVLQDOOVL[HSRFKVFRQVLGHUHGXVLQJWKH0,70DWK0RGHOZLWKDSSURSULDWH
UHYLVLRQVWRUHIOHFWWKHHSRFKFKDQJHV7KH0,70DWK0RGHOHYDOXDWHVWKHDFWXDOSHUIRUPDQFHRIHDFKGHVLJQZLWKLQ
HDFKHSRFKZKLOHWKHDFFHSWDQFHUDQJHVLQ)LJLOOXVWUDWHZKDWWKHVWDNHKROGHUZDQWVWKHSHUIRUPDQFHWREH
3.5. Process 5: Single Epoch Analyses 
7KLVSURFHVVLQFOXGHVWKHDQDO\VLVRI0$8DQG0$(RIDOWHUQDWLYHVZLWKLQSDUWLFXODUHSRFKVLQFOXGLQJGHVLJQV
JUDSKLFDOO\FRPSDUHGRQDQ0$8YV0$(VFDWWHUSORWIRUDQ\JLYHQHSRFKWLPHSHULRGRIIL[HGRSHUDWLQJFRQWH[W
DQGVWDNHKROGHUQHHGV:LWKLQHSRFKPHWULFVVXFKDV\LHOGJLYHDQLQGLFDWLRQRIWKHGLIILFXOW\RIDSDUWLFXODUFRQWH[W
DQGQHHGVVHWIRUFRQVLGHUHGGHVLJQV
Representational Outcomes7KLVFDVHVWXG\DQDO\]HGWKHGHVLJQVLQVL[UHSUHVHQWDWLYHHSRFKVVHH)LJERI
WKHSRVVLEOHHSRFKVWZRRIWKHVHHSRFKVDUHVKRZQEHORZLQ)LJ7KLVVKRZVWKDWFRQWH[WFDQGHWHUPLQHWKH
SHUIRUPDQFH0$8DIIRUGDELOLW\0$(DQGIHDVLELOLW\RIWKHGHVLJQV)RUH[DPSOH'HVLJQHQGVXSLQIHDVLEOHLQ
ERWKRIWKHHSRFKVVKRZQDQGGHVLJQVLQ6HD6XSSRUWHSRFKDUHPXFKPRUHH[SHQVLYHVKLIWHGWRULJKWLQ0$(
 
)LJ7KHGHVLJQVHYDOXDWHGLQWKH6RMRXUQHUDQG6HD6XSSRUWHSRFKV


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3.6. Process 6: Multi-Epoch Analysis 
$IWHUFRPSDULQJSRWHQWLDOGHVLJQVZLWKLQDSDUWLFXODUHSRFKPHWULFVDUHGHULYHGIURPPHDVXULQJGHVLJQSURSHUWLHV
DFURVVDOOHSRFKVWRJLYHLQVLJKWLQWRWKHLPSDFWRIXQFHUWDLQWLHVRQSRWHQWLDOGHVLJQVLQFOXGLQJHYDOXDWLRQRIVKRUWUXQ
SDVVLYHDQGDFWLYHVWUDWHJLHVIRUDIIRUGDELOLW\LHHIILFLHQW0$8DW0$(,QDGGLWLRQUHVRXUFHXVDJHFDQEHDQDO\]HG
WRLGHQWLI\GHVLJQVWKDWDUHUREXVWWRWKHIDFWRUVLGHQWLILHGLQ3URFHVVHJGHFUHDVLQJEXGJHWVRUODERUDYDLODELOLW\
)LJ$JHQHUDOLOOXVWUDWLRQRIWKHIX]]\3DUHWRPHWULFZKHUH.LVWKHOHYHORI³IX]]LQHVV´DSSOLHGWRWKHWUDGLWLRQDO3DUHWRIURQW
7DEOH7KH137DQGI137PHDVXUHVRIWKHVL[1*&6GHVLJQVRYHUWKHVL[UHSUHVHQWDWLYHHSRFKV
'HVLJQ 137 I137 I137 I137
    
    
    
    
    
    
 
Representational Outcomes: 
7KH1RUPDOL]HG3DUHWR7UDFH137LVDPHWULFGHYHORSHGWRPHDVXUHWKHSHUFHQWDJHRIDOOHSRFKVLQZKLFKD
GHVLJQLV3DUHWRRSWLPDO7KLVLVVKRZQIRUHDFKGHVLJQLQWKHVHFRQGFROXPQRI7DEOH7KHIX]]\YHUVLRQRIWKLV
PHWULF± I137ZKHUHIX]]LQHVV LV LGHQWLFDO WR WKH137PHWULF± LV VKRZQIRUYDULRXV IX]]LQHVV OHYHOV LQ WKH
FROXPQVWRWKHULJKWRIWKH137)LJLOOXVWUDWHVWKHLGHDRIIX]]\3DUHWRRSWLPDOLW\ZKHUH.LVWKHIX]]LQHVVOHYHO
7ZRUHVRXUFHFHQWULFPHWULFVWKDWFDQEHFDOFXODWHGDVSDUWRIWKLVSURFHVVDUHWKH0D[([SHQVHPHWULFDQGWKH
([SHQVH6WDELOLW\PHWULF7KHIRUPHULVVLPSO\WKHPD[LPXPFRVWZLWKUHVSHFWWRDVLQJOHUHVRXUFHWKDWDGHVLJQZLOO
LQFXURYHUDOORIWKHHSRFKVZKLOHWKHODWWHUPHDVXUHVWKHYDULDQFHRIWKHGHVLJQ¶VFRVWDJDLQZLWKUHVSHFWWRDVLQJOH
UHVRXUFHDFURVVDOOHSRFKV7KHVHPHWULFVDUHVKRZQLQ7DEOHIRUVRPHRIWKHUHVRXUFHVFRQVLGHUHG
7DEOH$IIRUGDELOLW\PHWULFVLQFOXGLQJWKHPD[LPXPRIH[SHQVHVVXFKDV/LIHF\FOH&RVW&UHZ6L]HDQGVWDQGDUGGHYLDWLRQRI/LIHF\FOH&RVW
/&&RIWKHGHVLJQVDFURVVDOOHSRFKV
0HWULF7\SH 0HWULF 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ
0D[([SHQVH 0D[/LIHF\FOH&RVWPLO      
0D[([SHQVH 0D[&UHZ6L]H      
([SHQVH6WDELOLW\ 6WG'HY/&&PLO      
3.7. Process 7: Era Construction 
7KLVSURFHVVFRQVWUXFWVPXOWLSOHVHTXHQFHVRIYDULRXVIL[HGGXUDWLRQHSRFKV WRJHWKHU WRFUHDWHDOWHUQDWLYHHUDV
ZKLFKDUHORQJWHUPGHVFULSWLRQVRISRVVLEOHIXWXUHVIRUWKHV\VWHPLWVFRQWH[WDQGVWDNHKROGHUQHHGV7KLVSURFHVV
FDQEHSHUIRUPHGZLWKWKHDLGRIH[SHUWRSLQLRQSUREDELOLVWLFPRGHOVHJ0RQWH&DUORRU0DUNRYPRGHOVDQG
VFHQDULRVRILQWHUHVWWRVWDNHKROGHUV
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Representational Outcomes:7ZRHUDVZHUHPDQXDOO\FUHDWHGIRUWKHSUHVHQWFDVHVWXG\HDFKFRYHULQJDSRVVLEOH
\HDUVHTXHQFHRIHSRFKVWKDWWKH1*&6PLJKWHQFRXQWHU2QHVXFKHUDLVPDGHXSRIWKHIROORZLQJVHTXHQFH
(UD%DVHOLQHPRV6HD6XSSRUWPRV%DVHOLQHPRVDQG1RQ3ROOXWLQJPRV
3.8. Process 8: Single-Era Analyses 
7KLVSURFHVVH[DPLQHVWKHWLPHGHSHQGHQWHIIHFWVRIDQXQIROGLQJVHTXHQFHRIIXWXUHHSRFKVFUHDWHGLQ3URFHVV
%\H[DPLQLQJDSDUWLFXODUVHULHVRIHSRFKVIRUDJLYHQOHQJWKRIWLPHGHFLVLRQPDNHUVFDQLGHQWLI\SRWHQWLDOVWUHQJWKV
DQGZHDNQHVVHVRI DGHVLJQDQGEHWWHUXQGHUVWDQG WKHSRWHQWLDO LPSDFW RISDWKGHSHQGHQW ORQJ UXQ VWUDWHJLHV IRU
DIIRUGDELOLW\
Representational Outcomes8VLQJWKHWZRHUDVFUHDWHGLQ3URFHVVWKH0$8DQG0$(YDOXHVZHUHH[DPLQHG
DQGDUHVKRZQLQ)LJDQG)LJ7KHVWDNHKROGHUYDOXHPRGHOVLQ(UDGRQRWFKDQJHRQHLWKHUWKHXWLOLW\DWWULEXWHV
RUWKHH[SHQVHDWWULEXWHVDOORZLQJWKH0$(DQG0$8YDOXHVWREHFRPSDUHGGLUHFWO\EHWZHHQHSRFK
 PRQWKV  PRQWKV  PRQWKV  PRQWKV

)LJ7KHIRXUHSRFKVRI(UDDQGWKHLUGXUDWLRQV

)LJ/HIWWKH0$8YDOXHVRIHDFKGHVLJQGXULQJ(UD5LJKWWKH0$(YDOXHVRIHDFKGHVLJQLQ(UD
7KHVDPHPHWULFVXVHGLQ3URFHVVDOVRDSSO\LQWKLVSURFHVVHJ137I137IRU3DUHWRDQDO\VLV0D[([SHQVH
DQG([SHQVH6WDELOLW\IRUH[SHQVHDQDO\VLVDVHDFKFDQEHFDOFXODWHGXVLQJRQO\WKHHSRFKVLQWKLVSDUWLFXODUHUD7KH
3DUHWRPHWULFVZRXOGGHHP'HVLJQXQDIIRUGDEOHDVLWLVEHFRPHVLQIHDVLEOHLQWKHVHFRQGHSRFKRIWKLVHUD7KH
UHVXOWVRIWKHUHVRXUFHFHQWULFPHWULFVIRU(UDDUHVKRZQLQ7DEOH
7DEOH$IIRUGDELOLW\PHWULFVLQ(UDLQFOXGLQJPD[LPXP\HDUO\RSHUDWLRQVFRVW139PD[LPXPRSHUDWLRQVFRVWDQGVWDQGDUGGHYLDWLRQRI
RSHUDWLRQVFRVWV
0HWULF7\SH 0HWULF 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ
0D[([SHQVH 0D[2SV&RVWPLO\U      
0D[([SHQVH 0D[2SV&RVW139PLO\U      
([SHQVH6WDELOLW\ 6W'HYPLO      
312   Michael A. Schaffner et al. /  Procedia Computer Science  28 ( 2014 )  304 – 313 
3.9. Process 9: Multi-Era Analysis 
7KLVSURFHVVH[WHQGV3URFHVVE\HYDOXDWLQJWKHG\QDPLFSURSHUWLHVRIDV\VWHPDFURVVPDQ\SRVVLEOHIXWXUHHUDV
LGHQWLI\LQJSDWWHUQVRIVWUDWHJLHVWKDWHQDEOHDIIRUGDELOLW\DFURVVXQFHUWDLQORQJUXQVFHQDULRV$Q\QXPEHURIHUDVFDQ
EHJHQHUDWHGWKURXJKWKHPHDQVQRWHGLQ3URFHVVVLQFHWKHUHDUHLQILQLWHFRPELQDWLRQVRIHSRFKVDQGWKHLUUHVSHFWLYH
GXUDWLRQV2QFH D VXIILFLHQW QXPEHU RI HUDV KDYH EHHQ JHQHUDWHGPDQ\ RI WKHPHWULFV XVHG LQ WKH0XOWL(SRFK
$QDO\VHVRI3URFHVVFDUU\RYHUWRWKHDQDO\VLVRIGHVLJQVWKURXJKRXWDOORIWKHHUDVFUHDWHG7KHVHPHWULFVLQFOXGH
WKH137DQGI1370D[([SHQVH([SHQVH6WDELOLW\DQGFKDQJHDELOLW\IRFXVHGPHWULFVZKLFKDUHQRWGLVFXVVHGLQ
WKHFXUUHQWSDSHU7KHUHDGHULVGLUHFWHGWR6FKDIIQHUDQG:XIRUPRUHH[SODQDWLRQRQWKLVVWHS
3.10. Discussion of the “Affordable” NGCS Design 
6LQFHDIIRUGDELOLW\KDVEHHQGHILQHGLQWHUPVRIIHDVLELOLW\VHYHUDOREVHUYDWLRQVFDQEHPDGHUHJDUGLQJDIIRUGDEOH
GHVLJQFKRLFHVIRUWKH1*&6V\VWHP'HVLJQZDVFRQVLVWHQWO\WKHORZHVWUHVRXUFHGHVLJQDQGPLJKWKDYHEHHQWKH
³DIIRUGDEOH´FKRLFHLIRQO\WKH%DVHOLQH(SRFKZDVFRQVLGHUHG+RZHYHULWVODFNRIIHDVLELOLW\LQPDQ\RIWKHHSRFKV
PDNHV LW D SRRUGHVLJQ FKRLFH VLQFH LWV SHUIRUPDQFHGRHVQRW HQDEOH WKHPLQLPXP UHTXLUHG FDSDELOLWLHV LQ WKRVH
HSRFKV)LUVWWKH0$(PHWULFVKRZVWKDW'HVLJQVDQGDOOKDYHVLPLODUUHVRXUFHH[SHQGLWXUHVLQPRVWHSRFKV
ZKLOH'HVLJQVDQGUHTXLUHUHODWLYHO\PRUH7KHVHREVHUYDWLRQVFRXOGSURYLGHJRRGPRWLYDWLRQIRUVHOHFWLQJWKH
ORZHUH[SHQVHGHVLJQVDVGHVLJQVRILQWHUHVWDVHDUO\LQWKHPHWKRGDV3URFHVV7KH0D[([SHQVHPHWULF
DSSOLHGLQ3URFHVVUHYHDOVWKDW'HVLJQFRXOGUHTXLUHVOLJKWO\PRUHFUHZFUHZPHQWKDQ'HVLJQVDQG
DQGUHVSHFWLYHO\EXW'HVLJQFRXOGDOVRFRVWOHVVDOEHLWQRWE\PXFKRYHULWVOLIHF\FOHELOOLRQ)LQDOO\
ZKHQ([SHQVH9DULDELOLW\LVFRQVLGHUHGLWVKRZVWKDWWKHGHVLJQVFXUUHQWO\XQGHUFRQVLGHUDWLRQDOOEHKDYHVLPLODUO\
WKURXJKRXWWKHHSRFKV.HHSLQJLQPLQGWKHGHILQLWLRQRIDIIRUGDELOLW\DVIHDVLELOLW\LWFDQEHFRQFOXGHGWKDWWKHVH
WKUHHGHVLJQVDUHLQGHHGDIIRUGDEOHFKRLFHV$FFRUGLQJO\RWKHUPHDVXUHVHJVWDNHKROGHUVDWLVIDFWLRQFDQEHXVHG
WRGRZQVHOHFWIURPWKHLQLWLDOGHVLJQVRILQWHUHVW2EVHUYLQJ'HVLJQ¶VGHFUHDVHGYDOXHLQWKH&RQIOLFWHSRFKHSRFK
WUDGHVSDFHQRWVKRZQLQWKHSUHVHQWSDSHUFRXOGUHVXOWLQVHOHFWLQJRQO\'HVLJQZKLFKUHTXLUHVVLPLODUH[SHQGLWXUHV
EXWSURYLGHVPRUHVWDEOHYDOXHGHOLYHU\WKURXJKRXW&RQIOLFWDQGRWKHUHSRFKV'HVLJQVDQGFDQEHFRPSDUHGWR
LGHQWLI\WKHGHVLJQYDULDEOHVDQGDWWULEXWHV WKDWSRWHQWLDOO\HQDEOHDIIRUGDELOLW\ LQ WKHVHGHVLJQV)RUH[DPSOH WZR
FRPPRQ GHVLJQ YDULDEOHV DUH OHQJWK ± IHHW DQG OHYHOV RI $QWL6XUIDFH$QWL$LUFUDIW FDSDELOLWLHV ERWK
PHGLXP OHYHO 7KHVH FRPPRQ WUDLWV FDQ EH VWXGLHG WR SURYLGH WKH JHQHUDO LQWHUDFWLRQ EHWZHHQ WKHVH SDUWLFXODU
YDULDEOHV WKH UHVXOWLQJ VKLSDWWULEXWH OHYHOV DQG WKH VWDNHKROGHUSUHIHUHQFHVRQ WKRVHDWWULEXWHV7KHDIIRUGDELOLW\
DQDO\VLVSHUIRUPHGWKURXJKWKHDSSOLFDWLRQRIWKLVPHWKRGWKXVQDWXUDOO\OHDGVLQWRDVWXG\RIWKHFRPPRQWUDLWVRI
DIIRUGDEOH1*&6VROXWLRQV5DWKHUWKDQFRQFOXGLQJWKHVWXG\ZLWKRQHVROXWLRQGHHPHG³PRVWDIIRUGDEOH´WKH1*&6
VWDNHKROGHUFDQJDLQDEHWWHULGHDRIHDUO\GHVLJQGHFLVLRQV¶LPSDFWVRQWKHOLIHORQJDIIRUGDELOLW\RIWKHFKRVHQV\VWHP
GHVLJQ
'LVFXVVLRQRIWKH0HWKRG$SSOLFDWLRQWR(DUO\/LIHF\FOH&RQFHSWXDO'HVLJQ
$VQRWHGLQWKHLQWURGXFWLRQWKHDSSOLFDWLRQRIWKLVFRPSRVLWHPHWKRGLQWKHFRQFHSWXDOGHVLJQSKDVHLQIRUPVWKH
DQDO\VLV RI V\VWHP DIIRUGDELOLW\ IRU GHVLJQ VHOHFWLRQ DQG UHVXOWLQJ GHVLJQ GHFLVLRQV %\ LQFRUSRUDWLQJ WKH 0$(
IXQFWLRQ WKH VWDNHKROGHU SUHIHUHQFHV RQ YDULRXV UHVRXUFHV DUH UHSUHVHQWHG LQ WKH FDVH RI1*&6 WKHVH LQFOXGHG
GHYHORSPHQWVFKHGXOH,2&ZLWKPRQHWDU\HJDFTXLVLWLRQDQGOLIHF\FOHDQGQRQPRQHWDU\HJODERUH[SHQVHV
%\H[DPLQLQJWKH0D[LPXP([SHQVHLQFXUUHGE\HDFKGHVLJQRYHUPDQ\SRVVLEOHIXWXUHVLQGLYLGXDOGHVLJQVFDQEH
VHOHFWHG IRU IXUWKHU VWXG\/LNHZLVH([SHQVH6WDELOLW\ FDQKHOSJXLGH DQDO\VWV DQGGHFLVLRQPDNHUV WR LQGLYLGXDO
GHVLJQVRILQWHUHVW3HUKDSVHYHQPRUHXVHIXOLVWKHDGGLWLRQDONQRZOHGJHJDLQHGRIWKHUHODWLRQVKLSEHWZHHQVSHFLILF
GHVLJQYDULDEOHVDQGWKHLUUHVXOWLQJHIIHFWVRQWKHDIIRUGDELOLW\RIWKHV\VWHP7KLVNQRZOHGJHFDQEHJDLQHGZKHWKHU
GHVLJQVDUHVWXGLHGGXHWRWKHLUORZHUH[SHQVHVWRVWXG\WKHWUDLWVRIDIIRUGDEOHGHVLJQVRUGHVLJQVDUHVWXGLHGGXHWR


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WKHLU KLJKHU H[SHQVHV WR EHWWHU XQGHUVWDQG GHVLJQ GHFLVLRQV WKDW PD\ UHVXOW LQ DQ XQDIIRUGDEOH GHVLJQ 7KLV
FRPSUHKHQVLYHDSSURDFKSURYLGHVVWDNHKROGHUVZLWKDGHHSHUSHUVSHFWLYHRQWKHDIIRUGDELOLW\RIV\VWHPVZKLOHVWLOOLQ
WKHFRQFHSWXDOGHVLJQSKDVH±before major commitment of resources has occurred6WDNHKROGHUVDUHWKXVHQDEOHGWR
EHWWHUXQGHUVWDQGWKHV\VWHPEHKDYLRXUDFURVVHQYLURQPHQWVDVZHOODVWKHWUDGHVDWSOD\EHWZHHQGHVLJQYDULDEOHVDQG
UHVXOWLQJH[SHQVHV6XFKDQXQGHUVWDQGLQJQDWXUDOO\ OHDGV WRFDSDEOHDQGUHVSRQVLEOHGHVLJQGHFLVLRQV WKDWVHW WKH
V\VWHPXSIRUDIIRUGDEOHVXFFHVVIURPLWVLQFHSWLRQ
&RQFOXVLRQ
7KHLQFUHDVHGIRFXVRQDIIRUGDEOHGHIHQVHV\VWHPVRYHUWKHSDVWVHYHUDO\HDUVLVDUHVXOWRI86'R'PDQGDWHVZLWK
UHJDUGWREXGJHWFRQVLGHUDWLRQV7RDLGLQWKLVIRFXVWKLVSDSHUGHVFULEHVDQGGHPRQVWUDWHVDFRPSRVLWHPHWKRGIRU
HDUO\OLIHF\FOH FRQFHSWXDO GHVLJQ RI WKH K\SRWKHWLFDO1*&6 V\VWHPZLWK DQ HPSKDVLV RQ UHVRXUFH FRPPLWPHQWV
UHTXLUHGIRUHDFKRIWKHVL[GHVLJQDOWHUQDWLYHV7KHDOWHUQDWLYHVDUHHYDOXDWHGLQGLIIHUHQWHSRFKVYDULRXVXWLOLW\DQG
UHVRXUFHFHQWULFPHWULFVDUHGLVFXVVHGDQGWKHUHVXOWLQJDIIRUGDEOHGHVLJQDOWHUQDWLYHVDUHQRWHG6RPHSUHOLPLQDU\
DQDO\VLVLVSUHVHQWHGRIVSHFLILFGHVLJQFKRLFHVWKDWHQDEOHDIIRUGDELOLW\LQWKH1*&6V\VWHP7KHILQDOSURFHVVRIWKH
PHWKRG0XOWL(UD$QDO\VLVFRXOGEHH[WHQGHGWKURXJKDXWRPDWHGJHQHUDWLRQRIHSRFKVHTXHQFHVSURYLGLQJIXUWKHU
LQVLJKWLQWRORQJWHUPVWUDWHJLHVIRUDIIRUGDELOLW\
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